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INTRODUCTION
Clinical and experimental observations indicate that there is a relation between the activity of the parathyroid glands, on the one hand, and acid-base homeostasis and renal handling of bicarbonate on the other. Thus, hyperchloremic acidosis has been noted occasionally in patients with primary hyperparathyroidism (1) (2) (3) , and others have found impaired urinary acidification in response to an acid load in such patients (4) (5) (6) . In addition, mild systemic acidosis, low levels of serum bicarbonate (HCOs-), excessive urinary loss of HCO3-, and impaired urinary acidification have been reported in patients with osteomalacia and secondary hyperparathyroidism (6) (7) (8) (9) . These abnormalities were usually reversed following treatment of the hyperparathyroidism (10) . Furthermore, the levels of serum HCOs-are usually elevated both in patients with hypercalcemia which is not due to hyperactivity of the parathyroid glands and in patients with hypoparathyroidism (1, (11) (12) (13) (14) . Finally, Barzel (13, 14) found that patients with hypoparathyroidism had mild metabolic alkalosis. These observations led Muldowney et al. (10) to postulate that parathyroid hormone directly decreases the renal reabsorption of bicarbonate resulting in metabolic acidosis. Support for such a postulate is found in experimental observations that the acute administration of parathyroid extract (PTE)1 produces a rise in urinary pH and an increase in urinary excretion of HCOi- (15) (16) (17) (18) . However, Kurtz- man, Karlinsky, and Sager (19) SERUM PHOSPHORUS mg/100 ml FIGURE 1 The relation between the levels of serum bicarbonate production of phosphate depletion. the study; in most experiments, the changes were 8 mm Hg or less (Table I) . During the latter part of the experiments when maximal rates of HCO3-reabsorption occurred, ventilation was closely regulated so that the Pco2 was similar in the same animal during both the control and phosphate depleted state; the variation was 5 mm Hg in one dog and 3 mm or less in the others (Table I) . Also, the volume of fluid and quantity of sodium given to each animal was similar in experiments carried out during the control and phosphate depleted states. Intracellular pH was measured in seven additional dogs receiving a normal diet of Purina dog chow, and in eight dogs during phosphate depletion (including all six described above); in four of the latter group, the measurements of intracellular pH of muscle were repeated 64-87 days after phosphate repletion. The method for measuring intracellular pH was similar to that reported by Waddell and Butler (21) and Adler, Roy, and Relman (22) utilizing [14C]DMO (55-dimethyl-2,4-oxazolidinedione) and non-labeled DMO as a carrier. Extracellular space was measured by '3SO4, and 'SO4 activity was separated from 14C activity by precipitation of 3'SO4 with barium chloride as described previously from our laboratory (23) . Both isotopes were obtained from the New England Nuclear Corp., Boston, Mass.
The analytical methods for creatinine, phosphate, sodium, and potassium are reported elsewhere (24) . Total solids in plasma were measured by refractometry (Goldberg Refractometer, American Optimal Corp., Buffalo, N. Y.). The pH and Pco2 in arterial blood and urine were measured utilizing 5 and phosphorus during the a blood microsystem acid-base analyzer (model BMS 3-PHM 71; Radiometer, Copenhagen). The concentrations of bicarbonate in plasma and urine were calculated from the Henderson-Hasselbach equation utilizing the following factors: Solubility coefficients for CO2 in plasma and urine of 0.0301 and 0.0309, respectively; a pK of 6.10 for plasma, and a pK for urine calculated from its ionic strength according to the formula, pKa = 6.33-0.5 V/Na+ + K+, with the concentrations of Na and K given in equivalents per liter (25) corrections were not made for Donnan factors.
RESULTS
The animals appeared healthy and maintained or even gained body weight during the period of phosphate depletion. The effect of phosphate depletion on serum HCO3-and the renal handling of this ion are shown in Table I (Fig. 1) . Fig. 2 depicts the quantity of HC03s appearing in the urine with increasing concentrations of serum HCOsin experiments before and after phosphate depletion. These data were obtained before and during the early periods of infusion of NaHCO03 prior to the achievement of the apparent maximal rate for HCOs reabsorption. These thresholds for HCO3-were lower in each animal during phosphate depletion than in control studies. As filtered HCO3-was raised, its reabsorption increased gradually and then stabilized, reaching an apparent Tm level. This maximal rate of HCO3-reabsorption was lower in each dog during phosphate depletion than in control studies, with mean values of 2.68±0.14 and 3.27± 0.14 meq/min per 100 ml GFR (P < 0.02), respectively. The relation between HCO3& reabsorption and its filtered load for all clearance periods during all experiments with bicarbonate infusion is shown in Fig. 3 . At comparable filtered loads of HCO3-(above 2.3 meq/min per 100 ml GFR), the reabsorption of HCO3-was lower during phosphate depletion than in control studies.
The intracellular pH in the phosphate depleted animals was higher than values obtained in seven normal dogs (Table II, Fig. 4 DISCUSSION The results of the present study demonstrate that phosphate depletion is associated with a fall in serum bicarbonate and a reduction in both the threshold at which bicarbonate appears in the urine and the apparent maximal tubular reabsorptive capacity for bicarbonate. These data indicate that phosphate depletion per se can cause abnormalities in bicarbonate homeostasis which are similar to those described in humans with primary (1-6) or secondary (6) (7) (8) (9) hyperparathyroidism. There is indirect evidence to indicate that the activity of the parathyroid glands is inhibited during phosphate depletion. Thus, rats show hypoplasia of the parathyroid glands during phosphate depletion (26); also serum calcium levels remain normal or slightly elevated after removal of the parathyroid glands in phosphate depleted rats (26, 27) and dogs (20, 28) , indicating that serum so 7.10.
7.00. calcium was maintained at normal levels in the absence of parathyroid hormone in the phosphate depleted state. Moreover, an increase in blood calcium to normal has been observed in humans with hypoparathyroidism during phosphate depletion (28) . Such inhibition of the parathyroid glands during phospate depletion is probably caused by transient or persistent elevation of serum calcium, a feature noted in rats and dogs during phosphate depletion (24, 25) . It is, therefore, reasonable to conclude that the abnormalities of bicarbonate homeostasis observed in the present study, are associated with reduced rather than increased activity of the parathyroid glands despite the lack of measurement of parathyroid hormone in the blood of these animals; hence, the alterations in bicarbonate regulation are probably related to phosphate depletion per se. It has been suggested that parathyroid hormone can cause an immediate and direct inhibition of the tubular reabsorption of bicarbonate. Nordin (17) (20) , and, in HCOa-excretion. Kleeman and Cooke (16) found an under certain circumstances, of sodium as well (33) . inconsistent effect of PTE on HC03-excretion, and Moreover, the maximal reabsorptive capacity for gluMuldowney et al. (6, 10) studied the effect of PTE in-cose is also reduced during phosphate depletion (unfusion in four subjects and reported data suggesting that published obsedrations). It critically evaluate a possible role of the hormone in reducing renal reabsorption of HCOs-. Under such circumstances, Kurtzman, Karlinsky, and Sager (19) found no effect of either PTE or dibutryl cyclic AMP on tubular reabsorption of HCO3-.
It is well established that parathyroid hormone causes phosphaturia due to decreased renal tubular reabsorption of phosphate, leading to a reduction in serum phosphorus (28, 29) , and phosphate depletion may ensue. These observations and the results of the present study suggest that the alterations in HCO3-homeostasis noted in patients wvith hyperparathyroidism may be largely mediated
